With the support of the national nature science foundation, the Academy of Space Electronic Information Technology is developing a novel compact spaceborne GNSS receiver, referred to as the HiSGR (High Sensitivity GNSS Receiver). This receiver can operate effectively in the full range of Earth orbiting missions, from LEO (Low Earth Orbit) to geostationary and beyond. Improved signal detection algorithms are used in the signal process section of the HiSGR and an inertial sensor is used for GNSS/INS ultra tight coupled design, which makes the acquisition process fast and provides improved tracking performance for weaker GPS signals in the presence of high dynamics. Extensive tests are performed using the HiSGR to demonstrate the good
Introduction
In recent years, the use of GNSS receivers for space missions has become very common. Some major applications include [1] the following.
1) Real-time POD (Precise Orbit Determination):
The receiver provides accurate three-dimensional position and velocity information onboard for spacecraft, thereby improving spacecraft autonomy and simplifying the ground tracking and ranging segment.
Moreover, the receiver can provide accurate reference time that is synchronized to UTC with an accuracy of better than 1 μs, which is particularly useful for telecommunications and Earth observation missions where accuracy and latency are critical.
2) Attitude determination: Using three or four GNSS antennas connected to the receiver that performs GNSS signal carrier difference measurements, the attitude information of the spacecraft can be obtained in real time.
3) Raw measurement provider: The receiver can provide all types of raw GPS measurements that
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can be either transmitted to another spacecraft for relative navigation, or downloaded to the ground for precise post-processing. Applications of these types of space missions include satellite remote sensing, ocean altimeters, and synthetic aperture radar mappers. While these missions may not require real-time accuracy, the ability to achieve decimeter-level accuracy onboard would allow for completed science products in near real time that are ready for immediate analysis, thus eliminating extra analysis cost and time.
Since there is a high demand for space applications of GNSS receivers, several organizations have undertaken efforts to develop spaceborne GNSS receivers for LEO to lunar missions in the last two decades. Some well-known products include the BlackJack receiver (Turbo Rogue Space Receiver, TRSR-2) [2, 3] and a follow-on version developed by
NASA's Jet Propulsion Laboratory and Broad Reach
Engineering [4] , a commercial-off-the-shelf dualfrequency receiver (OEM4-G2L) from NovAtel Inc.
for space applications, and Septentrio's PolaRx2 receiver for LEO missions [5, 6] .
ASEIT is currently developing a novel compact spaceborne GNSS receiver, referred to as "HiSGR,"
for future space applications, with the support of National Nature Science Foundation. The receiver is shown in Fig.1 . This paper introduces HiSGR receiver in detail. The rest of the paper is organized as follows: section two introduces the hardware and software architectures of the HiSGR receiver. The results of the tests carried out using HIL (Hardware-
In-the-Loop) simulation and real signals are given in section three.
2 Receiver architecture
Hardware
As shown in An inertial measurements sensor. All the information is transferred to the top layer for post processing.
The output navigation solutions and necessary raw measurements are sent to a remote-terminal command and telemetry interface using the MIL-STD-1553B communication bus, and finally sent to a spacecraft GNC system through an internal connector.
Two GNSS receiver antennas are used, one zenith pointing and one nadir pointing. This is because high altitude spacecraft perform signal acquisition and tracking of GPS satellites in the down-looking direction. The two antennas can be switched on and off automatically in the front-end device, according to the altitude of the receiver [7] , and intermittent frequency signals are obtained. The current version of the HiSGR is a GPS L1/L2 dual-frequency receiver that is capable of receiving L1 C/A, L2C, and L2 P codes. Receiving BeiDou B1 and B3 signals will be realized in the near future. tracking loops in real time [9] . However, the filter method is computationally intensive, which makes it unsuitable for routine use, especially in strong signal scenarios.
FPGA2 is used for inertial measurements, and aided almanac information collection from the MEMS sensor in the bottom layer and the attached EEPROM.
It also controls the navigation solutions output from the DSP and handles command and telemetry messages thought MIL-STD-1553B interface ports.
Algorithm
The structure of the receiver algorithm is shown 
Test and simulations
Extensive tests were performed using the HiSGR to demonstrate the good performance of some crucial specifications, by employing HIL simulation and a real GNSS signal received from a vehicle moving in DQ RSHQ ¿HOG DQG XQGHUJURXQG
The following subsections describe the HIL simulation configuration, general HiSGR receiver performance, data processing, and preliminary results.
HIL simulation for LEO
HIL testing is useful for evaluating the actual performance of the receiver under different conditions including dynamics, signal levels, and error sources on orbit. In this test, the RF input of the receiver is connected to a GPS simulator rather than WR D UHDO DQWHQQD 7KH VSHFL¿HG WUDMHFWRU\ DQG DWWLWXGH can be provided from the simulator. Aspects of the receiver performance can be evaluated repeatedly, which is impossible using terrestrial static tests.
ASEIT has recently purchased a state-of-theart Spirent GNSS simulator (GSS9000, shown in 
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Figure 4 HiSGR receiver under HIL test
The LEO scenario of CHAMP (Challenging Minisatellite Payload) is used in this simulation, the orbit elements for which are given in Tab.1.
These elements demonstrate a typical Earth gravity observation mission in low altitude. 
Conclusion
This paper provided a detailed introduction of the design and development of a novel compact spaceborne GNSS receiver (HiSGR), which was carried out by ASEIT. 
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